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Abstract.	
	
The	 objective	 of	 the	 research	 was	 to	 study	 the	 mechanisms	 of	
developing	 local	 immune	 inflammation	 considering	 changes	 in	
immunohistochemical	expression	of	Toll-like	receptor	4	(TLR4)	in	skin	of	
psoriasis	patients	after	systemic	immunosuppressive	therapy.	
Materials	and	methods.	 Immonohistochemical	dynamic	analysis	
of	 biopsy	 material	 taken	 from	 psoriaform	 skin	 areas	 in	 62	 psoriasis	
patients	 receiving	 systemic	 immunosuppressive	 therapy	 was	 made.	
Beyond	 that,	 to	 compare	 the	 results	 of	 the	 appropriate	
immunohistochemical	 examinations	 biopsy	 material	 from	 anterior	
abdominal	 wall	 taken	 after	 surgical	 intervention	 (e.g.	 hernia	 repair)	 in	
practically	healthy	persons	of	an	appropriate	age	(5	patients)	was	studied.	
To	 determine	 the	 nature	 and	 area	 of	 local	 cellular	 immune	 and	
inflammatory	 reactions	 in	 skin	 of	 psoriasis	 patients,	
immunohistochemical	 techniques	 for	 determining	 TLR4	 marker	
expression	were	used.		
Results	 and	 discussion.	 While	 studying	 TLR4	 expression,	
background	 diffuse	 cytoplasmic	 and	 nuclear	 staining	 of	 epidermis,	
vascular	 endothelium	 and	 single	 macrophage	 cells	 were	 identified	 in	
psoriaform	 skin	 areas.	 The	 number	 of	 positive-stained	 epidermis	 cells	
was	 about	 80%.	 After	 a	 course	 of	 systemic	 suppressive	 therapy	 with	
Etanercept	 during	 3	 months,	 immunohistochemical	 reaction	 to	 identify	
TLR4	expression	allowed	us	to	establish	that	both	the	number	of	positive-
stained	 cells	and	 response	 intensity	 in	epidermis	 considerably	 reduced.	
The	number	of	cells	expressing	TLR4	in	the	epidermis	was	up	to	60%.	Even	
after	 treatment,	 a	 considerable	 number	 of	 TLR4-positive	 dendrite	 cells	
with	a	greatly	increased	size	and	extended	with	their	processes	up	to	the	
horny	layer	were	identified	in	the	epidermis.	
Conclusions.	 The	 ligands	 activating	 toll-like	 receptors	 of	
macrophages	 and	 subsequent	 inflammatory	 reaction	 probably	
concentrate	 in	 epidermis	 dendrite	 cells	 as	 evidenced	 by	
immunohistochemical	 reactions.	 TLR4-positive	 macrophages	 after	
activation	in	dermal	papilla	migrate	to	the	papilla	base	to	be	then	included	
as	a	component	of	inflammatory	perivascular	infiltrates.	After	treatment,	
the	number	of	cells	(both	dendrite	and	macrophage)	with	TLR	expression	
significantly	decreased.	However,	the	background	readiness	to	a	burst	of	
activity	of	toll-like	receptors	persists.		
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Problem	statement	and	analysis	of	the	recent	research	
Modern	understanding	of	psoriasis	pathogenesis	 is	not	 limited	 to	skin	 lesion.	Psoriasis	 is	
considered	to	be	a	systemic	disease.	Systemic	nature	of	this	dermatosis	is	confirmed	by	functional	
and	organic	changes	 in	some	organs	and	systems,	 including	gastrointestinal	 tract,	hepatobiliary	
system,	cardiovascular	system,	 locomotor	system.	The	data	accumulated	so	 far	are	 indicative	of	
the	importance	of	immune,	endocrine,	metabolic	disorders,	and	some	role	of	the	genetic	factor	in	
the	 development	 of	 this	 dermatosis.	 Immunologic	 and	 genetic	 factors	 are	 believed	 to	 be	 major	
factors	in	its	pathogenesis	[3].	
The	 following	 features	 of	 the	 pathologic	 process	 are	 recognized	 to	 be	 of	 the	 primary	
importance	 in	 psoriasis:	 immune	 inflammation	 accompanied	 by	 T-lymphocyte	 activation,	
excessive	production	of	immune	response	mediators,	cytokines	(IFN-γ,	TNF-α,	IL-1,	2,	4,	6,	8,	10,	12,	
17,	 18,	 19,	 20,	 22,	 23),	 keratinocyte	 differentiation	 disorders,	 and	 excessive	 angiogenesis	 and	
vasodilatation	in	dermis	[2,	3].	
It	is	generally	recognized	so	far	that	the	onset	of	inflammation	in	skin	of	psoriasis	patients	
begins	 with	 an	 activation	 of	 skin	 cells.	 The	 role	 of	 activated	 skin	 cells	 consists	 not	 only	 in	 the	
initiation	 of	 the	 “pre-immune”	 inflammatory	 process	 in	 response	 to	 intrusion	 of	 an	 unknown	
antigen,	but	also	in	the	involvement	of	cells	of	the	immune	system.	The	immune	system	is	involved	
in	the	inflammatory	process	development	much	later,	after	penetration	of	an	unknown	pathogen	
through	skin.	During	that	time,	pathogens	do	not	“travel”	freely	through	the	organism,	since	they	
are	recognized	as	“foreign”	by	keratinocyte	structures	[4].	In	the	middle	90s	of	the	20th	century	some	
authors	defined	that	“foreign”	as	pathogen	associated	molecular	patterns	(PAMPs)	which	are	absent	
in	multicellular	organisms	[8,	11].	
PAMPs	are	recognized	by	so-called	Toll-like	receptors	(TLRs)	[12].	TLRs	are	transmembrane	
protein	 structures	 consisting	of	membrane	and	 cytoplasm	arreas.	So	 far,	13	varieties	of	 toll-like	
receptors	are	known,	11	of	which	are	the	most	extensively	studied	[7,	9,	10].		
In	case	when	activated	skin	cells	are	unable	 to	destroy	 the	pathogen	alone	and	 to	ensure	
interruption	of	a	“pre-immune”	inflammation,	cells	of	the	immune	system	are	involved.		
The	role	and	function	of	TLRs	in	human	skin	have	a	relatively	short	history	of	study.	Some	
authors	suggest	that	TLRs	of	activated	keratinocytes	can	simulate	an	adaptive	 immune	response	
[1,	5].	 In	some	studies	 it	was	 found	 that	TLR-stimulated	keratinocytes	of	supernatant	can	 induce	
dendrite	cells	maturing	 [6].	Activation	of	TLRs	was	 identified	 in	some	skin	diseases	of	 infectious	
etiology.		
Thus,	 investigation	 of	 TLR	 expression	 by	 skin	 cells	 is	 of	 importance	 to	 gain	 a	 better	
understanding	of	the	immune	inflammation	development	in	skin	of	psoriasis	patients.	
Objective	 of	 the	 research	 was	 to	 study	 local	 immune	 inflammation	 development	
mechanism	 with	 regard	 to	 changes	 in	 immunohistochemical	 expression	 of	 Toll-like	 receptor	 4	
(TLR4)	in	skin	of	psoriasis	patients	after	systemic	immunosuppressive	therapy.		
	
Materials	and	methods	of	the	research		
62	 patients	 with	 an	 advanced	 moderate	 or	 severe	 psoriasis	 vulgaris	 as	 clinical	 course	
dermatosis	were	observed.	 Psoriasis	patients	underwent	 two	biopsy	 examinations,	 in	particular	
from	skin	areas	affected	by	psoriaform	prior	to	treatment	and	after	systemic	immunosuppressive	
therapy	with	Etanercept	during	3	months.	Biopsy	material	was	taken	from	the	same	patients	and	
from	 the	 same	 areas.	 In	 addition,	 to	 compare	 results	 of	 the	 appropriate	 immunohistochemical	
examination,	 biopsy	 material	 taken	 after	 surgical	 intervention	 (e.g.	 hernia	 repair)	 from	 anterior	
abdominal	wall	skin	in	apparently	healthy	persons	of	an	appropriate	age	(5	patients)	was	studied.	
Fragments	of	the	skin	biopsy	material	were	fixed	in	10%	neutral	formalin.	Then,	the	biopsy	material	
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was	passed	through	alcohols	and	poured	 in	paraffin	blocks	 from	which	4-6	um	thick	histological	
sections	were	prepared.		
Immunohistochemical	 techniques	and	determining	of	with	TLR4	marker	expression	were	
used	to	determine	the	nature	and	prevalence	of	local	cellular	immune	and	inflammatory	reactions	
in	skin.		
Immunohistochemical	 preparations	 received	 were	 studied	 by	 using	 Olympus	 BX	 51	
miscroscope,	 Olympus	 C	 5050	 Z	 digital	 camera	 and	 Olympus	 DP-Soft	 software.	
Immunohistochemical	 examinations	 were	 carried	 out	 in	 the	 Carl-Thiem-Klinikum	 Institute	 of	
Pathology	(academic	school	of	Charité,	Cottbus,	Germany).	
	
Results	and	Discussion	
In	 a	 stimulated	 immunohistochemical	 reaction	 on	 the	 skin	 of	 apparently	 healthy	
individuals	for	the	purpose	of	determining	TLR4	expression,	background	diffuse	cytoplasmic	and	
nuclear	 staining	 of	 epidermis,	 vessel	 endothelium	 cells	 and	 isolated	 macrophage	 cells	 was	
identified.	Characteristic	membrane	patterns	of	such	markers	were	observed	 in	dendrite	cells	of	
epidermis,	perivascular	mast	cells	and	macrophages	(Fig.	1).	More	intensive	staining	in	epidermis	
towards	superficial	layers	up	to	the	basal	layer	was	observed.		
	
	
Fig.	1.	Immunohistochemical	examination	of	a	skin	area	in	apparently	healthy	individuals.	
TLR4	expression	in	macrophages,	dendrite	cells	of	epidermis.	Х1000.	
	
Studying	 TLR4	 expression	 on	 psoriaform	 affected	 skin	 areas,	 background	 diffuse	
cytoplasmic	and	nuclear	staining	of	epidermis,	vessel	endothelium	cells	and	isolated	macrophage	
cells	was	 also	manifested.	 Positively	 stained	 epidermis	 cells	 constituted	up	 to	 80%.	On	 a	highly	
magnified	 image,	marker	expression	by	dendrite	epidermis	cells	was	observed	with	a	“crown”	of	
numerous	positively	stained	cell-to-cell	linkages	(bridges)	formed	around	them	(Fig.	2).	
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Fig.2.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform.	TLR4	expression	by	dendrite	epidermis	cells	is	observed	with	a	“crown”	of	numerous	
positively	stained	cell-to-cell	linkages	formed	around	them.	Х1000.	
	
Fig.	3.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform.	TLR4	expression	by	macrophages	located	in	papillary	dermis,	and	by	dendrite	cells	
of	epidermis.	Х400.	
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Understaining	of	membranes	and	 granular	materials	 in	 cytoplasm	was	observed	 in	 such	
cells.	Characteristic	membrane	staining	was	observed	 in	macrophages	 located	 in	papilla	directly	
contacting	such	cells	with	dendrite	cells	of	epidermis.	The	most	 intensive	characteristic	reaction	
was	observed	in	macrophages	located	in	papilla	and	perivascular	dermis	(Fig.	3).	
A	 characteristic	membrane	expression	was	observed	 in	macrophages	of	papillary	dermis	
and	 microphages	 migrating	 to	 the	 epithelial	 sheet.	 Immunohistochemical	 reaction	 products	 in	
dendrite	cells	of	epidermis	and	macrophages	of	papillary	dermis	directly	contacting	epithelial	cells	
were	 localized	 identically	as	 identified	morphologically.	The	most	marked	positive	 reaction	was	
observed	in	macrophages	located	in	inflamed	perivascular	infiltrates	in	papillary	dermis	base.		
Psoriatic	 plaques	 were	 characterized	 by	 a	 significant	 membrante	 TLR4	 expression	 by	
numerous	 macrophages	 of	 papillary	 dermis.	 Macrophages	 are	 enlarged	 and	 grouped.	 A	
considerable	 number	 of	 positive	 macrophages	 were	 found	 in	 epidermis	 over	 papilla	 tips.	 A	
phenomenon	of	positive	nuclear	membrane	staining	of	epithelial	cells	adjacent	 to	horny	masses	
on	the	skin	surface	would	be	noted	(Fig.	4).	
	
	
Fig.	4.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform.	A	phenomenon	of	positive	nuclear	membrane	staining	of	epithelial	cells	adjacent	
to	horny	masses	on	the	skin	surface.	Reaction	to	identification	of	TLR4	expression.	Х400.	
	
Characteristic	membrane	TLR	expression	was	found	in	the	papillary	dermis	both	in	isolated	
perivascular	macrophages	and	especially	as	part	of	perivascular	inflammatory	infiltrates	(Fig.	5).	
In	 the	 psoriaform	 affected	 skin	 area,	 macrophages	 were	 localized	 in	 lymphatic	 vessels	
extending	 from	papilla	 tips	 to	 the	base	with	an	aggregate	of	vessels.	A	 considerable	 thinning	of	
epidermis	over	papilla	tips	up	to	direct	erosion	was	observed.	The	epithelial	sheet	surrounding	a	
papilla,	especially	near	tips,	was	swollen	with	cells	isolated	from	each	other	by	intercellular	fluid.	
Consequently,	 ligands	of	microorganisms	may	 freely	penetrate	 into	 the	papillary	 layer	and	 react	
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with	 macrophages.	 The	 latter	 actively	 migrated	 to	 papilla	 tips	 and	 even	 penetrated	 into	 the	
epithelial	sheet	(Fig.	6).	
	
Fig.	5.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform.	TLR4	expression	by	macrophages	located	in	papillary	dermis.	Х400.	
	
	
Fig.	6.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform.	Migration	of	TLR4-positive	macrophages	into	epidermis.	Х400.	
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Activation	of	macrophages,	 their	enlargement	and	active	expression	of	TLR4	receptors	by	
such	macrophages	was	noted.	 It	was	obvious	 that	macrophages	migrated	after	activation	 to	 the	
papilla	 base	 to	 be	 then	 incorporated	 to	 perivascular	 inflammatory	 infiltrates.	 In	 such	 areas,	
macrophages	and	lymphoid	cells	primarily	interacted	(Fig.	7).	
	
	
Fig.	7.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	 psoriaform.	 Interactions	 of	 TLR4-positive	 macrophages	 and	 lymphoid	 cells	 in	 perivascular	
spaces	of	papillary	dermis.	Х1000.	
	
After	 a	 course	 of	 systemic	 suppressive	 therapy	 with	 Etanercept	 during	 3	 months,	
immunohistochemical	 reaction	 to	 identify	 TLR4	 expression	 allowed	 to	 establish	 that	 both	 the	
number	of	positive-stained	cells	and	response	intensity	considerably	reduced	in	epidermis.	TLR-4	
expressing	 cells	 constituted	 up	 to	 60%	 in	 epidermis.	 The	 reaction	 had	 the	 highest	 degree	 of	
expression	in	large-sized	dendrite	cells.	After	treatment,	areas	almost	free	of	any	TLR4	expression	
appeared	in	epidermis.	It	was	obvious	that	such	areas	contained	a	small	number	of	dendrite	cells.	
(Fig.	8).	
Hence,	dendrite	cells	have	an	essential	role	in	the	adsorption	of	microorganism	ligands	and	
activation	 of	 toll-like	 receptors.	 Histotopographically	 dendrite	 cell	 processes	 reach	 superficial	
layers	of	epidermis	with	granular	positively	stained	clusters	appearing	under	the	keratinized	layer,	
obviously	those	of	microorganisms.	
After	a	course	of	systemic	suppressive	therapy,	the	number	of	inflammatory	cells,	including	
TLR4-positive	macrophages,	was	sharply	reduced.	Such	cells	were	observed	in	subepithelial	areas	
and	around	vessels	in	papillary	dermis	(Fig.	9).	
Even	after	treatment,	a	considerable	number	of	large-size	TLR4-positive	dendrite	cells	were	
found	 in	epidermis	with	processes	extending	up	 to	 the	horny	 layer.	Moreover,	a	rather	 intensive	
background	cytoplasmic	staining	of	such	cells.	
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Fig.	8.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	psoriaform	after	treatment.	Areas	of	no	TLR	expression	in	epidermis.	Х400.	
	
	
Fig.	9.	Immunohistochemical	examination	of	bipsy	material	taken	from	a	skin	area	affected	
by	 psoriaform	 after	 treatment.	 TLR4-positive	 macrophages	 in	 subepithelial	 areas	 and	 around	
vessels	in	papillary	dermis.	Х400.	
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Conclusions	
1. The	 ligands	 activating	 toll-like	 receptors	 of	 macrophages	 and	 subsequent	 inflammatory	
reaction	 probably	 concentrated	 in	 epidermis	 dendrite	 cells	 as	 evidenced	 by	
immunohistochemical	reactions.	A	close	connection	between	macrophages	and	epidermis	
dendrite	cells	was	established.		
2. TLR4-positive	macrophages	after	activation	 in	dermal	papilla	migrated	to	the	papilla	base	
to	be	then	included	as	a	component	of	inflammatory	perivascular	infiltrates.	In	such	areas,	
macrophages	and	lymphoid	cells	primarily	interact.	
3. After	treatment,	the	number	of	cells	(both	dendrite	and	macrophage)	with	TLR	expression	
significantly	decreased.	However,	the	underlying	readiness	to	a	burst	of	activity	of	toll-like	
receptors	persists.		
	
Prospects	for	further	research	
The	findings	of	the	immunohistochemical	examinations	are	thus	indicative	of	an	important	
role	 of	 the	 toll-like	 receptor	 4	 (TLR4)	 in	 the	 development	 of	 immune	 inflammation	 in	 skin	 of	
psoriasis	patients.	
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